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(57) ABSTRACT

At least one liquid tank has an outlet opening and a drain stub
extending therefrom. A circular flange has plural connection
openings with connection stubs respectively extending there-
from. A drain line 1s connected to the circular flange and
communicates with all of the connection stubs. The drain stub
of each tank 1s flange-connected to a respective connection
stub extending from the circular flange. Unneeded connection
stubs can be closed with blind flanges. This provides a modu-
lar reconfigurable system allowing a selected plurality of
liquid tanks to be connected to a single drain line through the
flange arrangement.
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ARRANGEMENT FOR STORING AND
CONVEYING LIQUID, ESPECIALLY IN AN
AIRCRAFT

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Continuation of U.S. application Ser.
No. 11/491,381, filed on Jul. 20, 2006, now U.S. Pat. No.

7,537,021, 1ssued on May 26, 2009, which 1s a Divisional of
U.S. application Ser. No. 10/658,685, filed on Sep. 8, 2003,
now U.S. Pat. No. 7,100,640, 1ssued on Sep. 5, 2006. The

entire disclosures of both prior applications are incorporated
herein by reference.

PRIORITY CLAIM

This application 1s based on and claims the priority under
35 U.S.C. 119 of German Patent Application 102 41 522.6,

filed on Sep. 7, 2002, the entire disclosure of which 1s 1ncor-
porated herein by reference.

FIELD OF THE INVENTION

The 1vention relates to an arrangement of one or more
liquid storage containers or tanks, as well as liquid conveying
lines such as pipes, for storing and conveying liquid, for
example fresh water or waste water 1n an aircratit.

BACKGROUND INFORMATION

Conventional passenger aircraft, for example Airbus air-
craft such as the Airbus A340 aircrait, include an arrangement
of waste water tanks, waste water drain lines, and various
connections, couplings and other accessories for installing
the tanks and the drain lines 1n the below-deck space of the
aircraft fuselage, and connecting the tanks to the toilets, on-
board galleys and the like, for recerving and storing the waste
water generated by the toilets, galleys, and the like. The
installation and connection of these tanks and drain lines 1s
quite complicated and time consuming. Furthermore, since
the available installation space 1s quite limited and tight, and
it 1s necessary to install up to three waste water tanks of
relatively large volume in the available tight space, 1t 1s
already quite difficult simply to transport and position the
tanks at the mntended 1nstallation location.

Furthermore, the complete waste water tank system com-
prises a rather great number and variety of different connec-
tion parts, mounting parts, heatable pipe sections and pipe
joints, and various other unwieldy installation components,
mounting brackets, securing devices and the like, of relatively
complex configuration. A separate waste water drain line or
pipe 1s connected respectively to each one of the waste water
tanks, and these drain lines are connected to a pipe junction.
From there, a main drain line conveys the waste water drained
out of the waste water tanks to its intended location, for
example to be emptied out of the aircraft through a drain mast
connected to the main drain line. The drain lines and drain
connections arranged below the tanks are rather costly, com-
plex 1 configuration with numerous branching locations and
joints, and are thus quite subject to disruption or damage
leading to waste water leakage, and generally causing prob-
lems 1n the 1nstallation and maintenance of the overall system
in the rather tight available space.

FIG. 1 of the present application schematically illustrates
an example of a conventional arrangement of maximally
three liquid storage containers or tanks 1 arranged in the
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below-deck space of a conventional aircraft such as an Airbus
aircrait. Each one of the tanks 1 1s a substantially cylindrical
shaped tank with a complete circular cross-section (not
shown 1n the vertical section of FIG. 1), and has a rather large
volume capacity for storing liquid 5, such as accumulated
waste water. The plural tanks 1 are arranged adjacent one
another at the corers of a triangle clustered symmetrically
around a vertical or upright axis (not shown).

These tanks 1 are connected to the various toilets, galleys,
and the like 1in the aircraft by suitable water inlet or supply
lines 3 such as waste water pipes that are connected to respec-
tive inlet openings 31 provided 1n the tops of the respective
liquid tanks 1. These water lines or pipes 3 run below the
aircrait deck floor that separates the passenger cabin and the
like from the below-deck space 1nside the fuselage. The liquid
5, for example the waste water arising 1n the on-board galleys
and the toilets, 1s transported by suction through a respective
one of the water 1nlet lines 3 to a respective individual liquid
tank 1, which 1s de-pressurized to a certain vacuum or nega-
tive pressure, for example by any conventional suction or
vacuum source (not shown).

Furthermore, arespective drain or outlet line 4 1s connected
individually to a drain or outlet opening 41 provided at the
center of the bottom of each individual tank 1. Thus, three
individual drain or outlet lines 4 are connected to the three
individual tanks 1, and all of these drain lines 4 must be
arranged to have the required slope for achieving a proper
liquid drainage. These plural drain lines 4 extend and are
connected to a pipe branch junction 42 that leads to a further
drain line 43 and that 1s arranged below the floor level of the
several tanks 1 generally centered among the tanks along the
vertical upright axis extending centrally between the tanks.
All of these drain lines must be heated by suitable heating
clements, such as electrical heating conductors, so as to pre-
vent a freezing of the waste water or an 1cing of the drain lines
during flight operation of the aircraft.

As generally discussed above, the conventional water stor-
age tank arrangement suifers many problems and disadvan-
tages, including a rather high complexity, a rather difficult
and time-consuming installation, a great variety of different
pipes, connectors, and other components, and a great diifi-
culty of arranging the drain pipes and the necessary pipe
junction 1n the small available space below the tanks. Further-
more, 1n the event of a leak or the like, 1t 1s extremely diificult
to exchange a defective tank, pipe component, pipe coupling,
or the like, which greatly increases the costs of on-going
maintenance and repair. Furthermore, it 1s essentially impos-
sible to expand the total liquid storage capacity of the
installed system, because 1t 1s not economically practical to
install any additional tank or tanks 1n the small available space
if requested by the aircrait customer.

SUMMARY OF THE INVENTION

In view of the above, 1t 1s an object of the invention to
provide an arrangement or system for storing and conveying
liguid 1n a passenger aircraft, especially as a fresh water
storage and supply system or as a waste water drain and
storage system, which 1s improved so as to simplify the instal-
lation and assembly thereot, and especially to simplify the
arrangement of the outlet lines thereot. It 1s a further object of
the invention to reduce the total number and variety of
required connecting parts and connecting pipe sections, while
avolding or minimizing the unwieldy handling of these nstal-
lation and mounting parts. The mvention further has the
object of providing a liqud storage system that 1s easily
adaptable and reconfigurable to be arranged in different avail-
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able installation spaces 1n different aircrait, and to accommo-
date different required liquid storage volumes. Particularly,
the inventive arrangement shall provide a building block sys-
tem that can easily be adapted to various different aircraft
types. Still another object of the invention 1s to reduce the
installation and assembly complexity, costs, and efforts,
while also reducing the total space consumption of the
arrangement 1n comparison to the prior art. The mnvention

turther aims to avoid or overcome the disadvantages of the
prior art, and to achieve additional advantages, as apparent
from the present specification.

The above objects have been achieved according to the
invention 1n an arrangement for storing and conveying liquid,
comprising: at least one liquid storage tank or container with
an 1nlet opening 1n a top thereof and an outlet opening 1n a
bottom thereof; a pipe-shaped drain stub connected to and
extending from the outlet opening; a partial flange, preferably
having the shape of a sector of a circle, connected to a free end
of the drain stub; at least one complementary flange arranged
adjacent to and complementing the partial flange so as to form
therewith a first circular flange; a second circular flange that
lies surfacially against and 1s secured to the first flange; and a
drain or outlet line such as a drain pipe connected to the
second circular flange so as to be 1n liquid communication
with the at least one drain stub connected to the second
circular flange via the respective partial flange. Preferably, the
outer diameters of the first circular flange and the second
circular flange are the same, and the circular centerpoints of
these two flanges are also coincident.

The at least one complementary flange complementing the
partial tlange to make up the first circular flange may be
another partial flange (with a liquid throughtlow hole or pas-
sage) or may be a blind or blank flange or cover plate (without
a throughhole or passage). Each partial flange has an opening
therein, to allow the liquid communication from the drain
stub of the liquid container, through the opening of the con-
nected partial flange of the first circular flange, and then
through a corresponding opening of the second circular
flange, into the connected drain line. On the other hand, the
blind flange does not have an opening therein, but rather acts
as a blank or blind component or cover plate to complement
the partial flange or partial flanges to form therewith a com-
plete circular configuration of the first circular flange.
Thereby, the at least one blind flange also covers, closes-oif
and seals the portion of the underlying second circular tlange
that 1s not covered by the adjacent partial flange or flanges.

With the mventive arrangement, it 1s easily possible to
connect one, two, three, four, or even more tanks via respec-
tive associated connected partial flanges, to the same com-
mon single second circular flange, which thereby connects
the plural tanks to the single drain or outlet line. For this
purpose, the second circular flange has a number of through-
holes therein corresponding to the maximum possible num-
ber of tanks to be connected, and further has a reducer funnel
or plenum space communicating all of these throughholes
with the single drain line. The blind flange then covers and
closes the unneeded throughholes of the second circular
flange when fewer than the maximum number of tanks are to
be connected. Further in this regard, each partial flange may
be a one-hali-flange with a one-half-circular sector shape, a
one-third flange with a one-third-circular sector shape, or a
one-quarter-tlange with a one-quarter-circular sector shape
for example. Similarly, each blind flange may have a shape
corresponding to a one-half-circular sector, a one-third-cir-
cular sector, a two-thirds-circular sector, a one-quarter-circu-
lar sector, or a three-quarters-circular sector.
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The selection of the flanges corresponds to the number and
arrangement of the single tank or plural tanks to be connected
to the second circular flange and thereby to the single drain or
outlet line. Furthermore, each tank preferably has a configu-
ration substantially corresponding to a one-hali-cylinder, a
one-third-cylinder, or a one-quarter-cylinder, with one con-
vex generally cylindrical curved outer wall and one or two
generally flat or planar outer walls, whereby the transition
from the convexly curved outer wall to the tlat planar wall or
walls 1s not a sharp intersecting edge, but rather a rounded
edge. With such a configuration, two, three or four tanks can
be arranged together about a common central upright axis so
as to together take up a cylindrical space about this upright
axis. Alternatively, fewer than the complete complement of
tanks can be arranged in this manner, while leaving an unused
space making up one-quarter, one-third, one-half, two-thirds,
or three-quarters of the complete cylindrical space about the
common upright axis.

In an alternative embodiment, each tank 1tself may have a
substantially cylindrical configuration, and a plurality of such
cylindrical tanks may be arranged around the upright axis
extending vertically centrally through the first circular flange
and second circular flange. It 1s simply necessary that the
drain or outlet opening of the tank 1s provided sufficiently
close to the side of the tank adjacent to the upright axis so as
to overlap onto the first and second circular flanges therebe-
low, whereby the drain stub can extend vertically down from
the outlet opening to the flange therebelow. Alternatively, the
drain stub extends at a slope from the tank to the centrally
arranged flanges, which may then have a diameter smaller
than the lateral dimension of a clear space between the tanks
along the upright axis.

According to a further embodiment, a 360° circular drain
flange (1nstead of the above mentioned partial flange) 1s con-
nected to the individual drain stub at the outlet end thereof,
and further a 360° circular connection flange 1s connected to
this drain flange, and has an individual connection stub joined
thereto and extending therefrom. The connection stubs are all
joined to a single common circular flange, which further
communicates through a reducer funnel or the like into the
single drain line. Respective single openings are provided 1in
the drain and connection flanges to form a tlow-through com-
munication from the drain stub to the connection stub and
from there through the circular flange and funnel into the
drain line. These flanges may be connected to each other with
a pipe clamp or hose clamp or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the mvention may be clearly understood, it
will now be described in connection with example embodi-
ments thereol, with reference to the accompanying drawings,
wherein:

FIG. 1 1s a schematic ghost front elevation view of a con-
ventional waste water storage and conveying system arranged
in the below-deck space 1n a passenger aircrait;

FIG. 2 1s a schematic ghost front elevation view of a simple
embodiment of a waste water storage and conveying system
according to the mvention including only one tank, installed
in the below-deck space of a passenger aircraft;

FIG. 3 1s atop view of the waste water storage tank arrange-
ment according to FIG. 2, with a one-halftank, 1.e. a tank with
a one-half-cylindrical configuration;

FIG. 4 1s a top view of an arrangement including two
one-half tanks arranged to complement one another;
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FIG. 5 1s atop view of an alternative embodiment including,
a single one-third-tank, 1.e. a tank having a configuration
substantially corresponding to one-third of a cylinder;

FIG. 6 1s a top view of an arrangement including two
one-third-tanks arranged adjacent one another;

FIG. 7 1s a top view of an arrangement using three one-
third-tanks arranged adjacent one another;

FIG. 8 1s a top view of an arrangement including a single
one-quarter-tank, 1.e. a tank having a configuration of one-
quarter of a cylinder;

FIG. 9 1s a top view of an arrangement including two
one-quarter-tanks arranged adjacent one another;

FIG. 10 1s a top view of an arrangement including three
one-quarter-tanks arranged adjacent one another;

FIG. 11 1s a top view of an arrangement including four
one-quarter-tanks arranged adjacent one another;

FIG. 12 1s a top view of an arrangement including two
cylindrical tanks arranged opposite and adjacent one another;

FIG. 13 1s a top view of an arrangement including three
cylindrical tanks arranged adjacent one another;

FIG. 14 1s a top view of an arrangement including four
cylindrical tanks arranged adjacent one another;

FIG. 15 1s a top view of an arrangement including four
cylindrical tanks arranged adjacent one another similar to
FIG. 14, but with a different embodiment of the flanges and
drain connection at the bottom of the tanks;

FIG. 16 1s a side view of the connection area of an arrange-
ment including three one-third-tanks connected to a single
drain or outlet line;

FIG. 16 A 1s a detail portion of FIG. 16 emphasizing the
flange connection of the flange-connected pipes;

FIG. 16B 1s a view taken along the section plane XVIB-
XVIB 1n FIG. 16;

FIG. 16C 1s a view taken along the section plane XVIC-
XVIC 1n FIG. 16;

FI1G. 17 15 a side view similar to FIG. 16, but showing an
arrangement including only two interconnected one-third-
tanks:

FIG. 17A 1s a detail portion of FIG. 17 emphasizing the
flange connection of the tflange-connected pipes;

FIG. 17B 1s a view taken along the section plane XVIIB-
XVIIB 1n FIG. 17;

FIG. 17C 1s a view taken along the section plane XVIIC-
XVIIC 1 FIG. 17,

FIG. 18 1s a side view similar to that of FIG. 16, but
showing an arrangement with only a single one-third-tank
connected to the outlet or drain line;

FIG. 18A 1s a detail portion of FIG. 18 emphasizing the
flange connection of the flange-connected pipes;

FIG. 18B 1s a view taken on the section plane XVIIIB-
XVIIIB 1n FIG. 18;

FIG. 18C 1s a view taken on the section plane XVIIIC-
XVIIIC 1n FIG. 18; and

FI1G. 191s a detail partial view of a flange connection of two
flange-connected pipe stubs according to a further embodi-
ment feature of the invention.

DETAILED DESCRIPTION OF A PREFERRED
EXAMPLE EMBODIMENT AND OF THE BEST
MODE OF THE INVENTION

(L]

FIGS. 2 to 18C 1llustrate various features and embodiments
of an arrangement according to the invention for storing and
conveying liquid 5, that share certain components and simi-
larities with the conventional arrangement discussed above 1n
connection with FIG. 1. Components of the inventive
arrangements that are related or similar to components of the
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6

conventional arrangement discussed above will be identified
with the same reference numbers as 1n FIG. 1.

Particularly, FIGS. 2 to 18C show components of a single
cluster of one or more liquid containers or tanks 1 that are
connected to at least one waste water inlet line 3 1n the
below-deck space of a passenger aircrait. It should be under-
stood, that the overall arrangement or system according to the
invention can be expanded by providing a plurality of such
groups or clusters of the liquid tanks 1 at successive locations
along the longitudinal length 1n a high capacity or large vol-
ume aircrait or in a passenger aircrait based on a stretched
version ol a basic fuselage. The liquid tank or tanks 1 are
connected to especially a single waste water drain or outlet
line 4 through a special flange connection arrangement
according to the invention as will be discussed in detail
herein.

This clustered arrangement of the liquid tanks 1 1s espe-
cially made possible by using liquid tanks 1 with an external
configuration different from the conventional cylindrical tank
configuration of FIG. 1, whereby the mnventive tank configu-
ration1s especially an irregular or non-rotationally-symmetri-
cal configuration. For example, each liquid container 1 can
have the general configuration of a one-half tank 11 (1.e. a
configuration of a one-half cylinder), or a one-third-tank 12
(1.e. a configuration of one-third of a cylinder), or a one-
quarter-tank 13 (i.e. a configuration of one-quarter of a cyl-
inder).

Generally, an example embodiment of an arrangement
according to the mvention for storing and conveying liquid 5
comprises at least one liquid container 1, having an inlet
opening 31 1n the container top thereof, and a drain or outlet
opening 41 in the container bottom or floor thereof. Prefer-
ably, the drain or outlet opening 41 1s offset from the center of
the bottom of the liquid container 1, but rather 1s positioned
close to a side edge of the bottom of the contamner 1. A
pipe-shaped drain stub 2 1s connected to the drain opening 41,
and this drain stub 2 1s connected via the special inventive
flange arrangement to a pipe-shaped drain line 4 for convey-
ing away the liquid 3 that has been received and stored 1n the
liquid container 1.

In this regard, a partial flange 7 1s connected or joined to the
stub outlet end of the drain stub 2, whereby preferably the
back side of this partial flange 7 1s integrally formed onto the
outlet end of the drain stub 2 oriented away from the container
1. At least one complementary flange adjoins and comple-
ments this partial tlange 7 so as to form therewith a first
complete circular flange 9. Preferably, the partial tlange 7 and
cach complementary flange respectively has a circular sector
shape so that the several circular sectors complement each
other to form the complete circular tlange 9.

The at least one complementary flange may include
another partial flange with a flow-through opening (like the
partial tlange 7) for another liquid container 1, and/or may
include a blind flange or blank flange 8 that 1s not connected
to another liquid container 1 and that does not have a liquid
flow-through opening therein. In the simplest embodiment
having only a single liquid container 1, the first circular flange
9 will be made up of a single partial flange 7 and a single blind
flange 8 that complements the partial flange 7 to form the
complete circular shape of the first circular flange 9.

This multi-part first circular flange 9 lies on and 1s sealed
and secured against a second circular flange 10. The two
flanges 9 and 10 thus lie parallel to each other, and in contact
with one another along the opposed end surfaces thereot. The
flanges are secured together with any suitable securing means
(e.g. bolts, clamps, latches, brackets, toggles, etc.). The above
mentioned drain line or pipe 4 1s connected to the bottom or
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back surface of the second circular flange 10, e.g. which may
involve a reducer funnel or plenum chamber. The drain line 4
1s embodied as a pipe, whereby the outer diameter of the drain
line 4 may correspond to or be smaller than the outer diameter
d of the first and second circular flanges 9 and 10. The circle
midpoint or centerpoint KMP of the flange surfaces of both of
the two circular flanges 9 and 10 coincides with that of the
cross-section of the drain line 4.

In arrangements including a plurality of liquid containers
1, the containers 1 are all arranged adjacent to and grouped
around a vertical fictitious upright axis 14 that extends
through the circular midpoint or centerpoint KMP of the
flanges 9 and 10. In such an arrangement with plural liquid
containers 1, there 1s a corresponding number of the partial
flanges 9 respectively associated with the containers 1, with
or without one or more further blind flanges 8 as necessary to
complement the partial flanges to form the complete circular
shape of the first circular flange 9. Fach one of the first and
second circular flanges 9 and 10 1s thus a circumierentially
complete and continuous 360° circular shaped flange, with-
out any missing sectors or notches or the like. The second
circular tlange 10 1s a single-piece circular flange, while the
first circular flange 9 1s a multi-part flange made up of one or
more partial tlanges 7 and one or more complementary blind
flanges 8.

The drain opening 41 of each tank 1s arranged 1n the con-
tainer floor 6 of the respective tank, at a location displaced
away from the center of the container floor 6, particularly 1n a
floor area of the container floor 6 lying adjacent to the side of
the container 1 oriented toward the above-mentioned vertical
upright axis 14 around which the containers 1 are clustered.

As mentioned above, each individual liquid container 1
may have the configuration of a so-called one-half-tank 11
(with a one-half-cylindrical shape), or a one-third-tank 12
with a one-third-cylindrical shape), or a one-quarter-tank 13
(with a one-quarter-cylindrical shape). Each such liquid con-
tainer 1 or tank 11, 12 or 13 comprises a container outer wall
16 including a convexly curved outer wall portion 15 extend-
ing substantially along a cylindrically curved arc segment,
and either one (inthe case of a one-half-tank 11) or two (in the
case of a one-third-tank 12 or a one-quarter-tank 13) substan-
tially flat planar outer wall portions 18 to which the convexly
curved wall portion 15 1s joined to form the complete outer
wall 16 of the container 1. The convexly curved wall portion
15 does not join the flat planar wall portion or portions 18 at
a sharp angled edge, but rather along a smoothly curved
junction area, as 1s apparent in each of the FIGS. 3 to 11.
These shapes are selected to achieve a strong self-supporting
configuration so that the respective container 1 can be oper-
ated as a vacuum tank as discussed above, without danger of
the container outer wall 16 collapsing. In this regard, 1t should
also be noted that the substantially flat planar wall portion 18
can actually be provided with a slight concave curvature 18"
(e.g. as visible 1n FIG. 2) to avoid collapsing or indenting of
this flat planar wall portion 18 when the container 1 i1s sub-
jected to an internal vacuum.

With such a configuration of each individual one-hali-tank
11, one-third-tank 12, or one-quarter-tank 13, a plurality of
such tanks can be arranged around the above-mentioned ver-
tical upright axis 14, namely with the cylindrically curved
wall portion 15 of each tank arcing about a centerpoint
arranged essentially at or directly adjacent to the upright axis
14, with the several tanks adjacent to one another. Thus, two
one-half-tanks 11, or three one-third-tanks 12, or four one-
quarter-tanks 13 can be arranged 1n this manner to form a
substantially complete cylindrical shape coaxially centered
on the vertical upright axis 14. If a lesser volume storage

5

10

15

20

25

30

35

40

45

50

55

60

65

8

capacity 1s required, then one or more of the tanks can also be
omitted, to form a partial-cylindrical overall configuration.

As generally mentioned above, the first circular flange 9 1s
made up of at least one partial flange 7 and at least one
complementary flange which may be at least one additional
partial tlange 7 and/or at least one blind flange 8, which
complement one another to form a complete circular shape of
the first circular flange 9. The particular shape of each partial
flange 7 and/or blind flange 8 depends on the shape or con-
figuration of, or the mntended number of, the respective asso-
ciated liquid containers 1. For a one-half-tank 11, the partial
flange 7 1s configured as a one-half-flange 71 having a one-
half-circular shape. For a one-third-tank 12, the partial flange
7 1s configured as a one-third-flange 72 having the shape of a
one-third-sector (120°) of a circle. For a one-quarter-tank 13,
the partial flange 7 1s configured as a one-quarter-flange 73
having the shape of a one-quarter-sector (90°) of a circle.
Correspondingly, 1 order to complement the one or more
partial flanges 7, depending on the number and configuration
of the liquid containers 1, the blind flange or flanges 8 1s or are
provided 1n the configuration of a one-half blind flange 81
(with a one-half-circle sector shape), a one-third blind flange
82 (with a one-third-circle sector shape), a two-thirds blind
flange 83 (with a two-thirds-circle sector shape), a one-quar-
ter blind flange 84 (with a one-quarter-circle sector shape), or
a three-quarters blind flange 85 (with a three-quarters-circle
sector shape). The flange edges of the complementary
flanges, 1.e. the partial flange 7 and the blind flange 8, to form
the complete first circular flange 9, are configured and
arranged 1n an exactly {itting manner, and can be simply
butted against one another, with or without a seal therebe-
tween, or can be shaped 1n a respective form-fitting or form-
interlocking manner to engage with one another.

Each individual partial flange 7 has a respective single
flange opening therein, which 1s connected to and communi-
cates with the bottom or outlet end of the respective associ-
ated drain stub 2. Correspondingly, the second circular flange
10 has a respective associated flange opeming below each one
of the partial flanges 7 lying surfacially thereon, with a tflange
seal arranged between the circular tlange 9 and the circular
flange 10. This flange seal also has a throughhole or opening
corresponding and aligned with each of the flange openings
of the respective partial flanges 7. The respective openings 1n
a partial tlange 7, the flange seal, and the second circular
flange 10 are aligned with one another along the axis of the
associated drain stub 2, so as to form a continuous liquid flow
passage through this flange arrangement that 1s sealed by the
flange seal. On the other hand, the blind flange or flanges 8 do
not have liquid throughtflow openings, and instead form a
solid cover over a portion of the underlying second circular
flange 10 that 1s not to be connected to associated liquid
containers 1. Since the single drain line or pipe 4 1s connected
to the bottom of the second circular flange 10, this arrange-
ment serves to connect a plurality of liquid containers 1,
through plural associated drain stubs 2, via the plural associ-
ated partial flanges 7, with the throughflow openings commu-
nicating through the second circular flange 10, into the single
drain line 4.

It should further be made clear that the drain line 4 1s
preferably embodied without branches or junctions, but
instead leads directly to a drain line system that conveys the
drained liquid 3, for example, to a drain mast of the aircrait
(not shown) from which the liquid may be drained.

A Turther embodiment according to the invention uses lig-
uid containers 1 with a generally cylindrical shape, as illus-
trated i FIGS. 12 to 15. The plural cylindrically shaped

liquid containers 1, i1.e. cylindrical tanks 19, are arranged
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clustered about the vertical upright axis 14 so that the con-
tainer outer wall 16 of each individual tank 19 contacts or 1s
arranged very close to the container outer wall 16 of at least
one adjacently positioned cylindrical tank 19. In this manner,
2, 3, or 4 tanks may be clustered as closely or densely as
possible about the vertical upright axis 14 extending through
the circular middle or centerpoint KMP of the flange arrange-
ment located below and connected to the cylindrical tanks 19.

In this context, as shown 1n the alternative embodiment of
FIG. 15, 1t 1s also possible to arrange the drain opening 41
extending and sloping downwardly at an angle 1n a direction
toward the upright axis 14 through the respective container
floor 6, so that the drain stub 2 connected thereto extends at a
sloping angle toward the circular middle or centerpoint KMP
to be connected to the associated individual partial flange 7
close to this centerpoint KMP. With this arrangement, the first
circular flange 9A according to FIG. 15 i1s formed or
assembled together of plural partial flanges 7 and particularly
one-quarter-tlanges 73A having a smaller radius than the
flanges used in the other embodiments, which have a radius
large enough to extend outwardly and overlap under the lat-
eral dimension of the floor of the respective tanks.

An embodiment of the mvention using semi-cylindrical
tanks, or so-called one-half-tanks 11, will now be described 1n

detail with reference to FIGS. 2 to 4. This arrangement may
include either one one-half-tank 11 as shown 1n FIGS. 2 and
3, or two one-half-tanks 11 as shown 1n FIG. 4. Particularly,
FIG. 2 shows a front elevation view of a single one-half-tank
11 1n 1ts final installed condition. The one-hali-tank 11 1s
located 1n the below-deck space of an aircrait, and 1s con-
nected to a waste water pipe as an 1nlet or supply line 3, which
1s connected to the mlet opeming 31 provided in the top of the
tank 11, so that a liquid 5 and particularly the waste water 1s
conveyed into the tank 11. After the waste water 5 has been
temporarily stored in the tank 11, 1t may be drained through
the drain stub 2 that 1s connected to the drain or outlet opening,
41 1n the tank or container tloor 6. The drain stub 2 in turn 1s
connected to or integrally formed with the one-half flange 71,
in the manner as generally discussed above.

In this arrangement with only a single one-half-tank 11,
there 1s a corresponding associated one-half-flange 71, which
1s complemented by a single one-hali-blind flange 81 to form
the complete first circular tlange 9 of these two one-hali-
flanges. This first circular flange 9 1s arranged on the second
circular flange 10, with a suitable flange seal arranged ther-
cbetween, and then the two flanges are secured to each other
with any suitable means, such as bolts, clamps, toggles, or the
like. As can be seen 1n FIG. 2, the diameter d 1s the same for
both circular flanges 9 and 10, and can even be the same for
the drain or outlet line 4 that 1s connected to the second
circular flange 10. FIG. 2 also clearly shows the upright axis
14 extending vertically through the circle midpoint or center-
point KMP of the two circular flanges 9 and 10, which 1s
preferably also the centerpoint or axis of the inlet end of the
drain line 4. The single one-half-tank 11 i1s arranged and
positioned with 1ts generally flat wall portion 18 of the con-
tainer outer wall 16 extending along and adjacent to the
upright axis 14. As also mentioned above, the tlat wall portion
18 may actually have a slight concave curvature 18'.

Corresponding to FIG. 2, FIG. 3 shows a top plan view of
the arrangement or installation of a single one-hali-tank 11.
The cross-sectional shape of the tank 11 has a generally
semi-circular configuration bounded by the convexly curved
wall portion 135 and the generally flat wall portion 18 making,
up the container outer wall 16. This cross-sectional shape
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could be regarded as similar to the cross-sectional shape of
the top or cap of a mushroom, or like the sectional shape of a
drop of liquid on a surface.

FIG. 4 shows a further embodiment using two back-to-
back one-half-tanks 11, whereby the tanks are installed and
connected to the single drain line 4 in a manner similar to that
described above for the single one-half-tank 11 1n connection
with FIGS. 2 and 3. The two tanks are arranged with their
respective substantially flat wall portions 18 contacting one
another back-to-back along the upright axis 14, so that the
two tanks 11 together make up a complete substantially cylin-
drical configuration. In order to connect the two tanks 11 to
the second circular flange 10, there are two one-half-tflanges
71, which together form the first circular flange 9 (rather than
one one-half-flange 71 and one one-half-blind flange 81 as
used 1n the arrangement of a single one-half-tank 11 in FIGS.
2 and 3).

A further embodiment according to FIGS. 5 to 7 uses one
to three one-third-tanks 12 connected through a flange
arrangement to a single drain line. The so-called one-third-
tanks each have substantially a configuration of a one-third-
sector of a cylinder, allowing for rounded corners or edges, a
concavity on the otherwise tlat sector sides, a convex curved
side with a curvature that 1s not perfectly cylindrical, and the
like. Thus, the cross-sectional shape of each tank 12 looks
somewhat like the cross-sectional shape of a parachute
canopy and shroud lines, including a convexly curved wall
portion 15 and two generally flat wall portions 18 that meet
cach other along an angular edge 17 spanning an internal
angle of the tank of 120°.

In this context, the top view of FIG. 5 shows a single
one-third-tank 12 1n 1ts final 1installed condition. An inlet line
3 such as a waste water line conveys a liquid 5 such as waste
water 1nto this one-third-tank 12, for which this inlet line 3
(not shown) 1s connected to the ilet opening 31 provided 1n
the top wall of the tank 12. The connection of the drain stub 2
to the drain or outlet opening 41 1n the tank floor, and the pipe
connection of the drain stub 2 to a one-third-flange 72 1s
carried out 1n the manner generally described above. Particu-
larly, a one-third-tlange 72, namely a tlange having a circular
sector shape spanning one-third or 120° of a complete circle,
1s connected or integrally formed on the outlet or downstream
end of the drain stub 2. In this embodiment with only a single
tank 12, there 1s only a single one-third-flange 72, which 1s
complemented by a two-thirds blind flange 83 to form the first
complete circular flange 9. A flange seal i1s positioned
between the first circular flange 9 and the second circular
flange 10, which are arranged one on another, and are then
secured to one another. The above described edge 17 formed
along the junction of the two generally flat wall portions 18 1s
positioned to extend along or near the upright axis 14 extend-
ing vertically through the circle midpoint or centerpoint KMP
of the flanges.

FIG. 6 now shows an arrangement in which a second one-
third-tank 12 has been added to the single one-third-tank 12
described above. The installation and connection of the sec-
ond tank 12 1s carried out 1n a manner similar to the first tank
12 as described above 1n connection with FIG. 5. Since this
second one-third-tank 12 similarly 1s connected to 1ts own
associated one-third-flange 72, there are now a total of two
one-third-flanges 72 1n this arrangement, which are comple-
mented by a one-third blind flange 82 to form the complete
first circular flange 9 (rather than a two-thirds blind flange 83
in the single tank arrangement according to FIG. 5).

FIG. 7 shows an arrangement based on that of FIG. 6,
except with a third one-third-tank 12 having been installed
and added to the tank group or cluster about the upright axis
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14. The installation and connection of this third one-third-
tank 12 1s carried out 1n a manner similar to that described
above for the first one-third-tank 12 according to FIG. 5.
Since the third one-third-tank 12 1s connected to its own
respective associated one-third-flange 72, 1t 1s no longer nec-
essary to provide any blind flange 82, 83, because the three
existing one-third-flanges 72 complement one another so as
to together form the first circular flange 9.

A third embodiment of the invention as shown 1n FIGS. 8 to
11 uses one, two, three or four one-quarter-tanks 13 as the
liquid containers 1. As seen 1 FIG. 8, the cross-sectional
shape of a single one-quarter-tank 13 1s generally similar to
that of the one-third-tank 12 shown 1n FIG. 5, except that the
two generally flat wall portions 18 of the tank wall 18 span an
internal angle of 90° rather than 120°.

The top view of FIG. 8 shows a single one-quarter-tank 13
in the final 1nstalled condition. An inlet line 3 (not shown)
such as a waste water line 1s connected to the inlet opening 31
provided 1n the top wall of the tank 13, so as to supply or
convey the liquid 5 such as waste water 1nto the tank 13. The
connection of the drain stub 2 to the drain or outlet opening 41
located 1n the tank floor, and the pipe connection of the drain
stub 2 to a one-quarter-tlange 73, are carried out in the manner
generally described above. Particularly, a one-quarter-tlange
73, 1.e. a flange having the shape of a one-quarter-circle or a
90° sector of a circle, 1s connected to or integrally formed on
the outlet or downstream end of the drain stub 2. In this
configuration with only a single one-quarter-tank 13, the
single one-quarter-flange 73 1s complemented by a three-
quarters blind flange 85 so as to together form the complete
first circular flange 9.

A suitable flange seal 1s arranged between the first circular
flange 9 and the second circular flange 10, which two flanges
are arranged one on the other and then secured to one another.
The angular edge 17 formed by the junction of the two gen-
erally flat wall portions 18, and spanning an internal angle of
90°, 1s positioned to extend along or close to the upright axis
14 extending vertically through the circle midpoint or center-
point KMP of the flanges.

FIG. 9 shows a further arrangement in which a second
one-quarter-tank 13 has been added to the single one-quarter-
tank 13 of FIG. 8. The installation and connection of the
second one-quarter-tank 13 1s carried out in the same manner
as described above regarding the first one-quarter-tank 13
according to FIG. 8. Since the second one-quarter-tank 13 1s
connected to 1ts own respective associated one-quarter-tflange
73, there are now two one-quarter-flanges 73, which are
complemented by a one-half-blind flange 81 instead of the
three-quarters blind flange 85 according to FIG. 8, so as to
together form the complete first circular flange 9.

To form the further varied arrangement according to FIG.
10, a third one-quarter-tank 13 has been added to the arrange-
ment according to FIG. 9. The installation and connection of
the third one-quarter-tank 13 1s carried out i the same man-
ner as described above regarding the single one-quarter-tank
13 according to FIG. 8. Since this third one-quarter-tank 13 1s
connected to 1ts own associated one-quarter-flange 73, there
are now three one-quarter-flanges 73, which are comple-
mented by a one-quarter-blind flange 84, so as to together
form the complete first circular flange 9.

In the arrangement as shown i FIG. 11, a fourth one-
quarter-tank 13 has been installed and added to the arrange-
ment according to FIG. 10, whereby the installation and con-
nection of this fourth tank 13 1s also carried out 1n the same
manner as described above regarding the first or individual
one-quarter-tank 13 according to FIG. 8. Since this fourth
one-quarter-tank 13 1s similarly connected to its own respec-
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tive one-quarter-tflange 73, there are now four one-quarter-
flanges 73, which together make up the first circular flange 9,
which thus no longer needs to be complemented by any blind
flange 84.

A fourth embodiment of the invention 1s illustrated 1n
FIGS. 12 to 15. This embodiment involves an arrangement of
two, three, or four cylindrical tanks 19 as liquid containers 1.
The cross-sectional shape of each one of these tanks 19 cor-
responds approximately to a circle.

The top view of FIG. 12 shows an arrangement of two
cylindrical tanks 19 1n the final installed condition, whereby
the container outer wall 16 respectively of each tank contacts
the container outer wall 16 of the other tank at the contact area
B along the vertical upright axis 14 passing through the cir-
cular midpoint or centerpoint KMP of the flange arrange-
ment. These two cylindrical tanks 19 are arranged diametri-
cally opposite one another along a diametrical line 20 that
passes through the central axis of each respective cylindrical
tank 19 and through the upright axis 14. Each one of the
cylindrical tanks 19 1s supplied with liqud 5 such as waste
water through a respective inlet line 3 such as a waste water
pipe (not shown). In this regard, the respective inlet line 3 1s
connected to an inlet opening 31 provided 1n the top of the
respective tank 19. Furthermore, a drain stub 2 1s connected to
the drain opening 41 located 1n the floor of each tank 19, and
the drain stub 2 1s further connected to a one-hali-tlange 71 in
the manner generally described above. The two one-hali-
flanges 71 respectively connected to the outlet ends of the
drain stubs 2 of the two cylindrical tanks 19 complement each
other so as to together form the first circular flange 9, without
requiring any blind flange 8. The first circular tlange 9 and
second circular flange 10 are arranged surfacially one on the
other with a flange seal therebetween, and are then secured to
one another 1n the manner generally described above.

As shown in the top view of FI1G. 13, a further arrangement
includes three cylindrical tanks 19, of which the container
outer walls 16 contact one another along contact arcas B
clustered around the vertically extending upright axis 14 1n a
triangular or close-packed circular configuration. In such an
arrangement, a fictitious transverse extension or line 21 pass-
ing through the cylindrical axis of one of the tanks 19 and
intersecting the upright axis 14, also passes through the con-
tact area B between the tank outer walls 16 of the other two
cylindrical tanks 19. Each one of these tanks 19 1s connected
to a respective mlet line 3 and supplied with liquid 5 such as
waste water 1n the same manner as described above. Each one
of these tanks 1s further connected to a drain stub 2 through a
drain opening 41 provided in the tank floor, and the drain stub
2 1s further connected to a respective one-third-flange 72 1n
the same manner as discussed above for the other arrange-
ments. Thus, the three one-third-flanges 72 respectively con-
nected to the three cylindrical tanks 19 via the respective drain
stubs 2 complement one another so as to together form the
complete first cylindrical flange 9, without requiring any
blind-tflange 8 to complete the circle. The first circular tflange
9 1s arranged on a second circular tflange 10 with a suitable
flange seal therebetween, and the two flanges are then secured
to one another.

The arrangement shown 1n FIG. 14 1s a further develop-
ment including four cylindrical tanks 19 clustered in a square
pattern about the vertical upright axis 14, so that the container
outer walls 16 of the respective neighboring or adjoining
tanks 19 contact each other along four contact areas B. With
such an arrangement, a fictitious set of lines 22 extending
between the cylindrical axes of each adjacent pair of the
cylindrical tanks 19 will pass through the respective contact
areas B and form a square pattern with the upright axis 14 at
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the center thereof. Just as described above for the other
arrangements, these cylindrical tanks 19 are also each con-
nected to a respective inlet line 3 such as a waste water line
(not shown) so as to supply liquid 5 (such as waste water)
through an inlet opeming 31 provided 1n the top of the respec-
tive tank 19 1nto the tank 19. Each tank 19 1s also connected
via a drain stub 2 from a drain opening 41 provided in the tank
floor to a respective connected one-quarter-flange 73. There
are thus four one-quarter-tlanges 73 respectively associated
with and connected to the four cylindrical tanks 19 via the
four drain stubs 2. These four one-quarter-tlanges 73 comple-
ment one another so as to together form the complete first
circular flange 9, without requiring any blind flange 8 to
complement the one-quarter-flanges for forming a complete
circle. The formed first circular flange 9 1s arranged on a
second circular tlange 10 with a suitable flange seal arranged
therebetween. The two circular flanges 9 and 10 are then
secured to one another.

The arrangement of four installed cylindrical tanks 19
according to FIG. 15 1s very similar to the arrangement 11lus-
trated and described above in connection with FIG. 14. The
differences are as follows. In the arrangements of FIGS. 12 to
14, as also 1n the arrangements of FIGS. 2 to 11, the circular
flanges 9 and 10 have a diameter that 1s large enough so that
the lateral size or extension of the flanges extends under all of
the tanks that are to be connected. Thereby, each drain stub 2
connected to the outlet opening 1n the tloor of the respective
tank at a location relatively close to the upright axis 14 can
extend substantially vertically downwardly from the outlet
opening 41 of the tank to the respective connected opening of
the first circular flange. In contrast, in the arrangement
according to FIG. 15, the flanges, and especially the first
circular flange 19, have or has a diameter that 1s smaller than
the diameter required to overlap or actually extend under the
several cylindrical tanks 19. Thus, 1 order to connect the
tanks 19 to the first circular tlange, the outlet openings 41 and
the drain stubs 2 connected thereto are oriented to slope at an
angle generally inwardly toward the vertical upright axis 14
through and from the respective tank floor 6 of the respective
associated cylindrical tank 19. Then, the outlet or down-
stream end of each drain stub 2 1s connected to a respective
associated individual one-quarter-flange 73 A along the edge
side thereof close to the circle midpoint or centerpoint KMP
thereof. In this manner 1t 1s achieved that the one-quarter-
flange 73 A, and then the four one-quarter-flanges 73 A mak-
ing up the complete first circular flange 9 can be embodied
with a smaller radius, for example in comparison to the one-
quarter-tlange 73 according to FI1G. 14.

A fifth embodiment of the invention is illustrated 1n FIGS.
16 to 18 and the associated views of FIGS. 16A, 16B, 16C,
17A, 17B, 17C, 18A, 18B and 18C. The arrangements of
FIGS. 16, 17 and 18 respectively include three, two and one
one-third-tanks 12 being used as the liquid container(s) 1.
These one-third-tanks 12 are arranged around the fictitious
upright axis 14 1n the manner as described above in connec-
tion with FIGS. 5 to 7. The further embodiments according to
FIGS. 16, 17 and 18 especially involve a different manner of
connecting the respective tanks to the single drain line 4
through further connection elements. This manner of connec-
tion according to FIGS. 16 to 18 can be similarly used for any
of the above described liquid containers 1, such as the one-
half-tanks 11, the one-quarter-tanks 13, the one-third-tanks
12, or the complete cylindrical tanks 19, 1n any number of
tanks 1n the arrangements described above.

Generally, 1n this arrangement, the individual one-third-
tank 12 1s connected to a further or third circular tlange 24 by
means of a flange connection of tlange-connected pipe stubs,
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which are connected to the drain opening 41 of the respective
associated one-third-tank 12. Connected to the bottom or
outlet side of the third circular flange 24, there 1s a funnel or
pipe reducer junction 29, with 1ts larger diameter opening
connected to the rim of the circular flange 24, and its smaller
diameter opening connected with the drain line 4. Such a
reducer junction or funnel 29 can also be provided between

the second circular flange 10 and the drain line 4 1n the above
embodiments of FIGS. 2 to 12.

According to FIG. 16, three one-third-tanks 12 are to be
connected to the single drain line 4, corresponding to the
general arrangement discussed above in connection with FIG.
7. In this example, a first drain stub 2A 1s connected to the
drain opening 41 of a first one of the three installed one-third-
tanks 12. A first connection flange 23A 1s formed on the
bottom or free protruding outlet end of this first drain stub 2 A.
As shown 1n FIG. 16B, a drain flange opening 34 1s let 1n or
cut through the connection flange 23 A, and 1s connected to
the first drain stub 2A.

This same manner of connecting to the respective drain
opening 41 of a second one-third-tank 12 and a third one-
third-tank 12 1s also provided for the tank connection using
the second and third drain stubs 2B, 2C, which each respec-
tively have a second or third circular drain flange 23B or 23C
connected to or integrally formed on the outlet end thereof.
Moreover, three further connection openings 25 are provided
or let into the face of the third circular flange 24, and three
respective pipe-shaped connection stubs 26 are connected to
these connection openings 25. Particularly, this arrangement
of stubs 1involves first, second, and third connection stubs
26A, 268 and 26C, whereby the first connection stub 26 A has
a first connection flange 27A, the second connection stub 26 B
has a second connection flange 27B, and the third connection
stub 26C has a third connection flange 27C formed respec-
tively on the end thereof. Each of these connection flanges
27A, 278 and 27C respectively has a connection tlange open-
ing 32 therein, which 1s connected to the respective associated
one of the connection stubs 26 A, 26B and 26C, as 1llustrated
in FIG. 16C.

Since these connection tlanges 27A, 27B and 27C are
mechanically connected to the drain flanges 23A, 23B and
23C, the position and axial orientation of the pipe axes of the
respective drain stubs 2A, 2B and 2C will correspond with
those of the connection stubs 26 A, 26B and 26C respectively.
Preferably, a respective flange seal 30 with a throughhole
therein 1s respectively arranged between the corresponding
pairs of the drain tlanges 23 A, 23B, and 23C and the connec-
tion flanges 27A, 27B and 27C that are to be connected to
cach other as shown 1n FI1G. 19. To carry out the connection,
the respective drain stubs and connection stubs are aligned
with each other, so that the respective drain flanges and con-
nection tlanges are conformingly in registration with one
another, with the respective tlange seals therebetween, and
then a mechanical connection of the joined flanges 1s carried
out. Such a mechanical connection 1s generally shown in FIG.
19 as an example.

The mechanical flange-connection shown in FIG. 19
relates generally to any drain flange 23 to be coupled to any
corresponding connection flange 27, for example the first
drain flange 23 A to be connected to the first connection flange
27A, for example using a so-called V-clamp or clamping ring
or collar 28, which grasps axially over the rnms of the two
flanges 23 and 27, encircles the circumierence of the flange
rims, and 1s then placed under tension with a pre-tensioning
force, so as to tightly press together the drain flange 23 and the
connection tlange 27, with the flange seal 30 therebetween.
The clamping pressure exerted by the V-clamp 28 in an axial
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direction onto the rims or edges of the tlanges 23 and 27 exerts
a surfacial pressure onto the flange seal 30 between the two
flanges 23 and 27, so as to establish a sufliciently tight seal by
the flange seal 30.

In this regard, the circumierential rims of the flanges 23 and
277 are somewhat conically tapered, so that the rims of the two
flanges 23 and 27 adjoining each other form a combined rim
that tapers radially outwardly. The inner sectional configura-
tion of the clamp 28 has a corresponding V-shaped tapering,
profile groove, that receives and clampingly presses against
the tapering rim of the two flanges 23 and 27, so as to exert
circumierential, axial, and radial clamping forces to the
flanges. The clamp 28 can be configured 1n the manner of any
conventionally known hose clamp or pipe clamp, for example
including a tensioning lever, a snap mechanism, a tensioning
spring, a worm screw or the like for achieving the necessary
circumierential pre-tension of the clamp 28 to be exerted onto
the rim of the flanges.

FIG. 16B 1illustrates the bottom view through the plane
XVIB-XVIB of the flange-connection of the arrangement of
three tanks 12 shown in FIG. 16. Particularly, FIG. 16B shows
the connection of the first, second and third drain stubs 2A,
2B, and 2C to the respective drain openings 41 of the three
one-third-tanks 12, with the arrangement of the first, second
and third drain ﬂanges 23A, 23B, and 23C with their openings
34 at the free ends of the drain stubs 2A, 2B and 2C.

FIG. 16C illustrates the top view of the arrangement of
FIG. 16, along the plane XVIC-XVIC of the flange connec-
tion. Particularly, FIG. 16C shows the first, second and third
connection stubs 26A, 26B and 26C onto the third circular
flange 24, with the first, second and third connection flanges
27A, 278 and 27C with their openings 32 provided on the free
ends of the connection stubs 26 A, 26B and 26C.

As a further variation based on the tank arrangement of
FIG. 6, with the tlange connection concept according to FIG.
16, FIG. 17 now illustrates the flange-connection of two
one-third-tanks 12 to a single drain line 4. This arrangement
of FIG. 17, as well as FIGS. 17A, 17B and 17C, 1s generally
similar to that of FIGS. 16,16 A, 16B and 16C, except that the
first tank 12 A has been omitted, and therewith, of course also
the first drain stub 2A and 1ts drain flange 23A. Instead, the
location of the first drain flange 23A 1n the arrangement
according to FIG. 16 has been covered by a blind flange 33,
which 1s connected to and covers or closes the connection
flange opening 32 of the first connection flange 27A. This
blind flange 33 has a configuration and dimensions the same
as the first, second and third drain flanges 23 A, 23B and 23C,
except that 1t 1s a blank flange without any throughhole. This
blind tflange 33 1s mechanically connected to the first connec-
tion flange 27A using a V-clamp 28 as described above with
regard to the connection of the drain flange 23 to the connec-
tion flange 27. Thereby, the drain line or pipe connection
provided through the first connection stub 26 A extending
from the third circular flange 24 is closed and sealed.

Further with regard to F1G. 17, FIG. 17B shows the remain-
ing connection of the second and third drain stubs 2B and 2C
to the respective provided drain opemings 41 of the second and
third one-third-tanks 12, with the second and third drain
flanges 23B and 23C with their openings 34 respectively
provided at the free ends of the drain stubs 2B and 2C. The
view of FIG. 17B 1s a bottom view along the tlange connec-
tion plane XVIIB-XVIIB shown in FIG. 17. Note that the
blind flange 33 1s not 1llustrated in FIG. 17B, 1.e. it has been
omitted for sitmplicity and clarity. The illustration of F1G. 17C
corresponds to that according to FIG. 16C, because nothing
has changed in the illustrated part of the arrangement. Note
that alternatively 1t would be possible to replace the third
circular flange 24 having three connection stubs 26A, 268
and 26C, with a varied circular flange having only two con-
nection stubs and a blank space where the third connection
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stub would have been. With such an arrangement there would
be no need to provide a blind flange 33 to cover and close an
unused connection stub 26 A.

FIG. 18 and its related FIGS. 18A, 18B and 18C show a
further variation of the flange connection arrangement
according to FIGS. 16 and 17, 1n which only a single one-
third-tank 12 1s connected to the single drain line 4, for
example 1n the tank arrangement generally relating to FIG. 5.
In comparison to the arrangement of three tanks discussed
above 1n connection with FIG. 16, the single tank arrange-
ment of FIG. 18 omits the first and third drain stubs 2A and 2C
and the associated drain flanges 23A and 23C thereof,
because the associated first and third tanks 12A and 12C have
been omitted. Accordingly, the first and third omitted drain
flanges 23 A and 23C are replaced by respective blind flanges
33 that are sealed and mechanically connected to the first and
third connection flanges 27A and 27C so as to close and cover
the first and third connection stubs 26 A and 26C. Otherwise,
the connection of the remaining single drain stub 2B with its
drain flange 23B connected and sealed to the connection
flange 27B of the second connection stub 26B 1s carried out 1n

the same manner as discussed above with regard to FIGS. 16
and 17.

Further with regard to FIG. 18, FIG. 18B shows the bottom
view along the flange connection plane XVIIIB-XVIIIB of
FIG. 18. Thus, FIG. 18B shows the second drain stub 2B
extending from the associated drain opening 41 of the single
remaining second one-third-tank 12, with the second drain
ﬂange 23B with 1ts opening 34 prowded at the free end of this
drain stub 2B. The 1llustration of FIG. 18C corresponds with
that of F1G. 16C, because the same circular flange 24 with its
three connection stubs 26 A, 268 and 26C can remain in use
even for the single tank arrangement of F1G. 18. Alternatively,
a different circular flange with only a single connection stub
could be used.

The mechanical connection of a drain flange 23 to a con-
nection flange 27 using a V-clamp 28 or the like as shown 1n
FIG. 19, can be used together with any of the above discussed
embodiments, whereby a simple circular drain flange 23 1s
mounted, provided or formed on the free outlet end of the
selected drain stub 2 (for example nstead of a partial flange
according to FIGS. 2 to 15), and a circular connection flange
2’7 1s mounted, provided, or formed on the free inlet end of the
selected 1individual connection stub 26. The drain flange 23
has a drain tlange opening 34 therein communicating with the
drain stub 2, and the connection flange 27 has a connection
flange opening 32 therein communicating with the connec-
tion stub 26. As discussed above, the circumierential rim of
the two flanges 23 and 27 1s formed 1n a tapering V-shape, to
cooperate with the V-sectional profile clamp 28. Also, there 1s
a flange seal 30 interposed between the two flanges 23 and 27.

The components and arrangements illustrated and dis-
cussed herein 1n connection with FIGS. 2 to 19 provide an
overall building block system for liquid storage tank arrange-
ments that can be variously configured and adapted to difier-
ent mstallation conditions and different available installation
spaces 1n the below-deck space of passenger aircraft. In com-
parison to the conventional installation and arrangement
according to FIG. 1, the mventive building block system
achieves several advantages and simplifications discussed
herein above, and further reduces and simplifies the installa-
tion and assembly, and also reduces the variety and number of
different parts that are required for assembling different con-
figurations of the system, e.g. including different numbers of
liquid storage tanks.

Although the invention has been described with reference
to specific example embodiments, it will be appreciated that
it 1s intended to cover all modifications and equivalents within
the scope of the appended claims. It should also be under-
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stood that the present disclosure includes all possible combi-
nations of any individual features recited in any of the
appended claims.

What 1s claimed 1s:

1. An arrangement for storing and conveying a liquid com-
prising:

a first liquid container having an inlet opening and an outlet

opening;

a pipe stub as a first drain stub communicating with and
extending from said outlet opening of said liquid con-
tainer, and terminating with a drain stub flange at a free
end of said first drain stub;

a circular flange having plural connection openings
therein, and plural pipe stubs as connection stubs respec-
tively communicating with and extending from said plu-
ral connection openings and terminating with respective
connection stub flanges at free ends of said connection
stubs; and

a drain line connected to said circular flange and commu-
nicating with all of said connection stubs through said
connection openings;

wherein said drain stub flange of said first drain stub 1s
mechanically coupled directly to said connection stub
flange of a first one of said connection stubs so as to
communicate said first drain stub through said first con-
nection stub to said drain line.

2. The arrangement according to claim 1, wherein said
drain stub flange of said first drain stub directly contacts and
1s mechanically rigidly connected directly to said connection
stub flange of said first connection stub with nothing inter-
posed therebetween.

3. The arrangement according to claim 1, further compris-
ing a flange seal with a throughhole therein interposed
between said drain stub flange of said first drain stub and said
connection stub flange of said first connection stub.

4. The arrangement according to claim 1, wherein said
drain stub flange and said connection stub flange respectively
have radially outwardly tapering rims, and further comprising,
a circumierential clamp with a tapered inner groove 1n which
said tapering rims are received, and said circumierential
clamp clamps together said tapering rims to thereby mechani-
cally couple said drain stub tlange directly to said connection
stub flange.

5. The arrangement according to claim 1, wherein said first
drain stub and said first connection stub are hollow pipe stubs
arranged to directly convey the liquid therein, with inner pipe
walls of said pipe stubs 1n direct contact with the liquid.

6. The arrangement according to claim 1, wherein said pipe
stubs are rigid pipe sections.

7. The arrangement according to claim 1, wherein said first
drain stub extends straight from said outlet opening along a
first drain stub axis, said connection stubs extend straight
from said connection openings along respective connection
stub axes, and said first drain stub axis of said first drain stub
coincides with said connection stub axis of said first connec-
tion stub.

8. The arrangement according to claim 1, further compris-
ng:

a second liquid container having an inlet opening and an

outlet opeming; and

a pipe stub as a second drain stub commumicating with and
extending straight from said outlet opening of said sec-
ond liquid container along a second drain stub axis;

wherein said second drain stub 1s connected straight to a
second one of said connection stubs so as to communi-
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cate therethrough with said drain line, and wherein said
second drain stub axis of said second drain stub coin-
cides with said connection stub axis of said second con-
nection stub.

9. The arrangement according to claim 8, wherein said first
drain stub axis extends vertically from said first liquid con-
tainer to said circular tlange, and wherein said second drain
stub axis extends vertically from said second liquid container
to said circular flange.

10. The arrangement according to claim 9, wherein said
first and second liquid containers are each arranged with a
respective portion thereotf overlapping above said circular
flange.

11. The arrangement according to claim 10, wherein said
first and second liquid containers each respectively have a
sectional configuration of a sector of a circle.

12. The arrangement according to claim 1, wherein said
first drain stub axis extends vertically from said first liquid
container to said circular flange.

13. The arrangement according to claim 1, wherein said
circular flange comprises a circular flange plate with said
connection openings therein and said connection stubs con-
nected thereto and extending therefrom, and a conical frus-
tum-shaped hollow funnel having a larger-diameter end con-
nected to a side of said circular flange plate opposite said
connection stubs and a smaller-diameter end connected to an
inlet end of said drain line and a conical frustum-shaped
sidewall extending directly from said larger-diameter end to
said smaller-diameter end.

14. The arrangement according to claim 1, further com-
prising a closed blind flange secured to an open inlet end of an
unneeded one of said connection stubs so as to close-oit said
unneeded one of said connection stubs.

15. An arrangement for storing and conveying a liquid
comprising;

a first liquid container having an inlet opeming and an outlet

opening;

a circular flange having plural connection openings
therein, and plural pipe-shaped connection stubs respec-
tively communicating with and extending from said plu-
ral connection openings;

a drain line connected to said circular flange and commu-
nicating with all of said connection stubs through said
connection openings;

a pipe-shaped first draimn stub communicating with and
extending from said outlet opening of said liquid con-
tainer, and connected to a first one of said connection
stubs so as to communicate with said drain line through
said first connection stub and said connection opening,
thereot; and

a closed blind flange secured to an open 1nlet end of an
unneeded second one of said connection stubs so as to
close-oil said unneeded second one of said connection
stubs.

16. The arrangement according to claim 15, wherein said
unneeded second connection stub terminates with an
unneeded connection stub flange at said open inlet end of said
unneeded second connection stub, and said blind flange 1s
secured to said unneeded connection stub flange.

17. The arrangement according to claim 16, wherein said
blind flange and said unneeded connection stub flange both
have the same diameter, and said blind flange closes-oif only
and singly said unneeded second connection stub.
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